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The title compound, C 10 H 15 NO 2 , crystallized with three 
molecules in the asymmetric unit. These three molecules are 
quite similar except for slight differences in the torsion angles 
of the substituents on the ring. The isopropyl C— C— N— C 
torsion angles (towards the carbon next to the ethyl bound 
carbon), for example, are —150.63 (11), —126.77 (13) and 
—138.76 (11)° for molecules A, B and C, respectively, and the 
C— C— C— N torsion angles involving the ethyl C atoms are 
102.90 (13), 87.81 (14) and 86.47 (13)°. The main difference 
between the three molecules lies in the way they are arranged 
in the solid-state structure. All three molecules form dimers 
that are connected through strong O— H- ■ O hydrogen bonds 
with Ri(10) graph-set motifs. The symmetry of the dimers 
formed does however differ between molecules. Molecules B 
connect with each other to form inversion dimers. Molecules 
A and C, on the other hand, form dimers with local twofold 
symmetry, but the two molecules are crystallographically 
distinct. The B and C molecules are linked to themselves and 
to each other via C— H- ■ O hydrogen bonds. This results in 
the formation of a three-dimensional network structure. 

Related literature 

For background on this type of ligand system, see: Fassihi et al. 
(2009); Weinberg (1994); Galanello, 2007); Scott et al. (2008). 
For similar structures, see: Xiao et al. (1992); Burgess et al. 
(1993); Hider et al. (1990); Dobbin et al. (1993); Brown et al. 
(1995). 



Experimental 

Crystal data 

C 10 H 15 NO 2 
M, = 181.23 
Orthorhombic, Pbca 
a = 11.7408 (2) A 
b = 13.3554 (2) A 
c = 37.5523 (8) A 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS: Bruker, 2008) 
Tna,, = 0.968, T max = 0.986 

Refinement 

R[F 2 > 2a(F 2 )} = 0.041 

wR(F 2 ) = 0.111 

S = 1.01 

7343 reflections 

373 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 5888.32 (18) A J 
Z = 24 

Mo Ka radiation 
fl = 0.09 mm~' 
T = 100 K 

0.43 x 0.32 x 0.16 mm 



66795 measured reflections 
7343 independent reflections 
5939 reflections with / > 2a(l) 
R,„, = 0.041 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Aytw = 0.31 e A~ 3 

Apmh>= -0.28 e A~ 3 



D-H 


■A 




D-H 


H-A 


D-A 


D-H- - A 


02A- 


-H2A- 


■oic' 


0.89 (2) 


1.85 (2) 


2.6503 (13) 


149.9 (17) 


02B- 


-H2B- 


■OIB" 


0.882 (19) 


1.859 (18) 


2.6480 (13) 


147.8 (17) 


02C- 


-H2C- 


■OL4 iu 


0.869 (18) 


1.796 (18) 


2.5868 (12) 


150.3 (17) 


C5B- 


H5B-- 


•OIC" 


0.95 


2.43 


3.3237 (16) 


156 


C6C- 


H6C-- 


■02C lv 


1.00 


2.59 


3.4623 (15) 


146 


C9B- 


H9B1- 


■ 01B V 


0.99 


2.44 


3.3548 (16) 


153 



Symmetry codes: (i) x + 1, y, z\ 
x + 1 y, -z + |; (v) -x + f, y - |, z. 



(ii) — x + 1, — y, — z + 1; (iii) x — l,y,z; (iv) 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT- 
Plus (Bruker, 2008); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: WinGX (Farrugia, 1999). 

The University of the Free State, the Chemistry Depart- 
ment, the NRF and Sasol Ltd and Inkaba yeAfrica are greatly 
acknowledged for funding. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZL2508). 
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2- Ethyl-3-hydroxy-1-isopropyl-4-pyridone 
Pule P. Molokoane, M. Schutte and G. Steyl 
Comment 

3- Hydroxypyridinones, which are derivatives of 3-hydroxypyranones, are known to have antimicrobial and antimalarial 
activity (Fassihi et al, 2009 and Weinberg, 1994). In addition to this, these compounds are non-toxic and they are 
approved for therapeutic use in some parts of the world (Galanello, 2007). Furthermore these organic compounds are 
metal ion chelators and they are used to prepare prodrugs with antioxidant characteristics and have brain targeting 
capabilities. These drugs have been suggested for the treatment of Alzheimer's disease and might possibly be more 
effective than treatments that just isolate metals (Scott et al. , 2008). 

As part of an ongoing study, 0,0'-donor bidentate ligands are obtained by functionalizing commercially available 3-hy- 
droxy-2-methylpyran-4-one (maltol) and 3-hydroxy-2-ethylpyran-4-one (ethyl maltol) to the respective 3-hydroxy-2- 
methylpyrid-4-one and 3-hydroxy-2-ethylpyrid-4-one derivatives. The funtionalizations are performed in order to obtain 
an array of different electronic and steric properties imparted on the respective starting materials in order to study these 
effects. Coordination to copper(II) and designing a catalyst with a suitable support for oxidation and the kinetic study 
thereof are part of this study. 

2-Ethyl-3 -hydroxy- 1-isopropylpyridinone crystallized in the orthorhombic Pbca space group with three molecules in 
the asymmetric unit. The average carbonyl distances (C=0) in the three molecules of 1 .265 (4) A are comparable to those 
of similar molecules that have been reported in the literature (Dobbin et al, 1993, Xiao et al, 1992, Burgess et al, 1993, 
Hider et al, 1990). These four structures differ only by the substituents on the Nl and CI atoms and are reported as 
combinations of methyl and ethyl groups compared to ethyl (CI) and isopropyl (Nl) for this structure. A distance of 
1.265 (1) A by Xiao et al. (1992), 1.275 (5) A by Burgess et al (1993), 1.271 (1) A by Hider et al (1990) and 1.264 (2) 
A by Dobbin et al. (1993) have been reported. The three crystallograophically distinct molecules are quite similar, for 
instance the carbonyl distances for molecules A, B and C are 1.264 (1) A, 1.261 (2) A and 1.269 (1) A respectively with 
r.m.s. values of 0.6447 A (for an overlay of the complete molecule A and B), 0.6257 A (for an overlay of the complete 
molecule B and C) and 0.1476 A (for an overlay of the complete molecule A and C). Illustrated in Figure 3 is an overlay 
of all three molecules. As can be seen, the molecules are distinct by small variations in their torsion angles, CI — Nl — C6 
— C7 and C10— C9— CI— Nl. For molecule A, B and C respectively, CI— Nl— C6— C7 and C10— C9— CI— Nl are 
-150.62 (11) °, -126.77 (13) ° and -138.76 (11) ° for the first and 102.90 (13) °, 87.81(154 ° and 86.47 (13) ° for the latter 
torsion angle. The main difference between the three molecules lies however in the way they are arranged in the solid 
state structure. All three molecules are forming dimers that are connected through strong O — H— O hydrogen bonds with 
graph set motifs of _/? 2 2 (10). The symmetry of the dimers formed does however differ between molecules. Molecules B 
connect with each other to form dimers with exact crystallographic inversion symmetry. Molecules A and C, on the other 
hand form dimers with local two fold symmetry, but the two molecules are crystallographically distinct within the crystal 
lattice. Two weaker C — H---0 intramolecular hydrogen interactions are formed between the ethyl carbon (C9) and the 
hydroxyl oxygen (02) in molecule B and C. Another intramolecular C — H— O interactions is formed between the 
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aromatic carbon C5B and a neighboring molecule's ketone oxygen (OIC). Finally, an intermolecular hydrogen interaction 
is observed between ethyl carbon C9B and a ketone oxygen (OIB). 

Experimental 

2-Ethyl-3 -hydroxy- 1 -isopropyl-4-pyridinone was prepared from the reflux of 2-ethyl-3-hydroxypyran-4-one (ethyl 
maltol) (5 g, 0,03568 mol) with 6 equivalents of aqueous isopropylamine (12.65 ml, 0,2141 mol, 99%) in 100 ml of water 
overnight. The mixture turned dark brown. Decolourizing charcoal was added after refluxing and the mixture was left to 
stand for 30 min. This was then filtered and the dark brown filtrate was evaporated in vacuo to yield a dark brown solid. 
Crystallization from cold acetone gave pink crystals of 2-ethyl-3 -hydroxy- l-isopropyl-4-pyridinone (Yield - 2.5 g, 0.0138 
mol, 50%). NMR(300MHz) 13 C: 13.3, 18.5,23.1,51.5, 111.9, 133.4, 134.3, 145.2, 169.2. NMR (300 MHz) >H: 1.11(0, 
1.38(<i), 2.770?), 4.48(m), 6.18(J), 7.70(<f). 

Refinement 

Aromatic H atoms were positioned geometrically and allowed to ride on their parent atoms, with (7i S0 (H) = 1.2(7 eq (parent) 
of the parent atom with a C — H distance of 0.93 A. The methyl and methene H atoms were placed in geometrically 
idealized positions and constrained to ride on its parent atoms with £/ iS0 (H) = 1.5£/ eq (C) and (7 is0 (H) = 1.2t/ cq (C) and at a 
distance of 0.96 A and 0.97 A respectively. The methine hydrogen atoms were placed in geometrically idealized positions 
and constrained to ride on its parent atoms with £/ iso (H) = 1.2 (7 eq (C) and at a distance of 0.98 A. Hydroxyl H atoms were 
placed from the electron density map and refined freely. C/ is0 (H) = 0.0421 6 C/ eq (C) for molecule A, (7 iS0 (H) = 0.03874fy eq (C) 
for molecule B and (7i S0 (H) = 0.03682(7 eq (C) for molecule C. 

Computing details 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT-Plus (Bruker, 2008); data reduction: SAINT-Plus (Bruker, 
2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & Putz, 2005); software used to prepare material for 
publication: fFtnGZ (Farrugia, 1999). 




Figure 1 

Representation of the title compound, showing the numbering scheme and displacement ellipsoids (50% probability). 
Hydrogen atoms were omitted for clarity. 
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Figure 2 

Hydrogen interactions (O — H-O) of the title compound in the crystal structure. (Molecule A in blue, molecule B in red 
and molecule C in purple). 




Figure 3 

Least square overlay of all the atoms in the three independent molecules (Molecule A in blue, molecule B in red and 
molecule C in purple). 



Acta Cryst. (2012). E68, o3235-o3236 



sup-3 



supplementary materials 



2-Ethyl-3-hydroxy-1-isopropyl-4-pyridone 

Crystal data 

C 10 H 15 NO 2 
M r = 181.23 
Orthorhombic, Pbca 
Hall symbol: -P 2ac 2ab 
a= 11.7408(2) A 
6 = 13.3554 (2) A 
c = 37.5523 (8) A 
V= 5888.32 (18) A 3 
Z=24 

7^(000) = 2352 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Graphite monochromator 
<p and m scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
T mm = 0.968, T max = 0.986 
66795 measured reflections 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
RIF 2 > 2a(F 2 )] = 0.041 
wR(F 1 ) = 0All 
S = 1.01 

7343 reflections 
373 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



D K = 1.227 MgnT 3 

D m = 1.227 Mgnr 3 

D m measured by not measured 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 9920 reflections 
(9 = 2.4-28.3° 
/u = 0.09 mm-' 
T= 100 K 
Cuboid, pink 
0.43 x 0.32 x 0.16 mm 



7343 independent reflections 
5939 reflections with I > 2o(I) 
tfint = 0.041 



dmzx — 28.4°, 8 m i n — 2.1 c 

A = -15->15 
Jt = -17— *14 
/ = -50—49 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[a 2 (F a 2 ) + (0.0549P) 2 + 2.2867P] 

where P = (F a 2 + 2F 2 )/3 
(A/o-) max = 0.001 
Ap max = 0.31 e A" 3 
Ap mm = -0.28 e A~ 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



II- *IU 



OlA 
02A 
N1A 
CIA 



0.91293 (7) 
0.82821 (8) 
0.59980 (8) 
0.66341 (10) 



0.19653 (6) 
0.01809 (6) 
0.18817(7) 
0.10117(8) 



0.67343 (2) 
0.64712 (3) 
0.62554 (3) 
0.62811 (3) 



0.01841 (18) 
0.0239 (2) 
0.0163 (2) 
0.0172 (2) 
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-0.26520 (9) 


0.48918 (3) 


0.0232 (3) 


H9B1 


0.8115 


-0.3158 


0.4739 


0.028* 


H9B2 


0.6976 


-0.2912 


0.4957 


0.028* 


C10B 


0.84408 (13) 


-0.24934 (12) 


0.52279 (4) 


0.0330 (3) 


H10D 


0.848 


-0.3121 


0.5362 


0.05* 


H10E 


0.8083 


-0.1976 


0.5375 


0.05* 
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HI Or 


A AO 1 O 




—0.2281 


A f 1/1 

O.Z) 163 


A AC* 




U1C 


(j.vdZUl (/) 




A AA/1 A A ( £L\ 

— 0.00440 (o) 


A tZZ 1 "70 ZO\ 

U.oM 12 (2) 


A A1ACC / 1 A\ 

0.01y:n (ly) 




U2C 


O.OooOO (/) 




a 1 Tim fn\ 
0.12/0/ (/) 


A ifion /o\ 
U. /Osl / (2) 


A AO 1 A A /I A\ 

U.UzlOO (ly) 




XT 1 /""< 

NIC 


a o o a a 1 /o\ 

0.33901 (8) 




A /I T A / *7 \ 

-0.02479 (7) 


A TIO/II /O \ 

0.71342 (3) 


A A 1 C A 

0.0154 (2) 




pip 
C1C 


A / 1 A\ 
0.ZO /JZ (10) 




A f\A H C A /0\ 

0.04o34 (5) 


A TO in /")\ 

0. /212/ (3) 


A A1 CO /OA 

U.OIjz (2) 




/"<0/"< 

C2C 


a 1 i / 1 a\ 

0.16221 (10) 




r\ f \ r A A A /ON 

0.05441 (8) 


A A ZO\ 

0.70010 (3) 


A A 1 C £. /O \ 

0.0156 (2) 




C3C 


a 1/1110 / 1 a\ 
U. 1411s (1U) 




—0.0115 / (o) 


U.6/U65 (3) 


U.U154 (z) 




C4C 


a iim i /i a \ 

0.22771 (10) 




A AO /II/" / A \ 

-0.08416 (9) 


A /~/~ AC\A /ON 

0.66494 (3) 


A A 1 "7 A /O \ 

0.0174 (2) 




H4C 


mi o£ 

u./iyo 




A 1 on/; 
— U.13UO 


A /T/1 

U.645y 


A AO 1 * 




C5C 


A IIIAfl /1 A\ 

0.32200 (10) 




A A O O A /I ZO\ 

-0.08894 (8) 


A /" O /" A A ZO\ 

0.68600 (3) 


A A1T/ /o \ 

0.0176 (2) 




H5C 


0.3776 




A 1 O O A 

-0.1389 


a /on 

0.6813 


A AO 1 * 

0.021* 




/— i//~1 


0.44322 (10) 




A A1 / TO /fl\ 

-0.03673 (9) 


A 1 O /"AO ZO\ 

0.73602 (3) 


A An/ /o \ 

0.0176 (2) 






U.4545 




U.UZ /Z 


A T/l C\A 

U. /4y4 


A AO 1 * 




C7C 


A C/10"7A /1A\ 

0.54870 (10) 




A ACOA/ / 1 A\ 

-0.05396 (10) 


A T 1 O O O / ,1 \ 

0.71333 (4) 


A AOOO /ON 

0.0223 (3) 




H7C1 


0.5542 




-0.0013 


0.6952 


A AO O * 

0.033* 




H7C2 


0.5433 




-0.1194 


0.7016 


A AO O * 

0.033* 






U.6166 




— U.Uozi 


U. /zo5 


A AO O * 

U.(J33^ 




CSC 


A /I O O O 1 /1 1 \ 

0.42321 (11) 




A 1 1 A /I 1 /1 A\ 

-0.11941 (10) 


A T/">10 / A\ 

0.76313 (4) 


A AO A O /O \ 

0.0242 (3) 




H8C1 


0.3555 




-0.1036 


A T7T> 

0.7773 


A AO / * 

0.036* 




HoCz 


U.4s96 




— U.lz4s 


A T7QQ 
U. / /SO 


A AO H * 




HoC3 


A A 1 1 £ 

0.4116 




-0.1831 


A H Cf\H 

0.7507 


A AO ti * 

0.036* 




C9C 


a 1*T> c~i / 1 a\ 

0.27357 (10) 




a 1 nit /o\ 

0.11713 (8) 


A TfOAl /I \ 

0.75202 (3) 


A A 1 1A ZO\ 

0.0179 (2) 




H9C1 


0.3138 




0.0819 


0.7715 


A AO 1 * 

0.021* 






rv i no 
U. IVo 




U. 1 JO 


A 7£ 1 1 

u. /oil 


A AO 1 * 

U.Uzl 




/ i Af"* 
C1UC 


a o a i ta /1 ^ 

U.J41 /U (Iz) 




A o 1 AA-7 /OA 

U.zlUU/ (9) 


U. /4141 (4) 


A AO/ir\ /"2A 

U.UZ4U (j) 




T-T1 DA 


U.JJ 




0 9^49 
U.Z J^+Z 


A 769 1 
U. / OZ 1 


n n^/>* 




H10B 


0.3015 




0.2458 


0.7224 


0.036* 




H10C 


0.4172 




0.1898 


0.7329 


0.036* 




H2A 


0.9000 (17) 




0.0306 (14) 


0.6530 (5) 


0.042 (5)* 




H2B 


0.5443 (15) 




-0.0896 (14) 


0.5054 (5) 


0.039 (5)* 




H2C 


0.0328 (15) 




0.1317(13) 


0.6922 (5) 


0.038 (5)* 




Atomic displacement parameters (A 2 ) 




U n 


U 22 


IP 3 


U 12 






OlA 


0.0164(4) 


0.0183 


(4) 0.0205 (4) 


0.0008 (3) 


-0.0029 (3) 


-0.0013 (3) 


02A 


0.0166 (5) 


0.0134 


(4) 0.0417 (6) 


0.0027 (3) 


-0.0069 (4) 


-0.0028 (4) 


N1A 


0.0144 (5) 


0.0142 


(4) 0.0204 (5) 


0.0015 (4) 


-0.0019 (4) 


-0.0017 (4) 


CIA 


0.0169 (6) 


0.0130 


(5) 0.0217 (6) 


0.0007 (4) 


0.0008 (5) 


-0.0010(4) 


C2A 


0.0166 (6) 


0.0126 


(5) 0.0213 (6) 


0.0012 (4) 


0.0015 (4) 


-0.0001 (4) 


C3A 


0.0161 (5) 


0.0161 


(5) 0.0139(5) 


-0.0009 (4) 


0.0021 (4) 


0.0011 (4) 


C4A 


0.0196 (6) 


0.0134 


(5) 0.0211(6) 


-0.0005 (4) 


-0.0010 (5) 


-0.0026 (4) 


C5A 


0.0201 (6) 


0.0132 


(5) 0.0222 (6) 


0.0019 (4) 


-0.0010 (5) 


-0.0016 (4) 


C6A 


0.0159 (6) 


0.0187 


(5) 0.0252 (6) 


0.0016 (4) 


-0.0053 (5) 


-0.0033 (5) 


C7A 


0.0227 (6) 


0.0247 


(6) 0.0213 (6) 


0.0043 (5) 


-0.0039 (5) 


-0.0004 (5) 


C8A 


0.0183 (6) 


0.0253 


(6) 0.0388 (8) 


0.0002 (5) 


0.0000 (5) 


0.0039 (6) 


C9A 


0.0179 (6) 


0.0147 


(5) 0.0355 (8) 


0.0000 (5) 


-0.0037 (5) 


-0.0048 (5) 


C10A 


0.0332 (8) 


0.0286 


(7) 0.0391 (8) 


-0.0024 (6) 


-0.0033 (6) 


-0.0161 (6) 


OIB 


0.0207 (4) 


0.0217 


(4) 0.0277 (5) 


0.0048 (4) 


0.0034 (4) 


0.0038 (4) 


02B 


0.0214(5) 


0.0177 


(4) 0.0274 (5) 


0.0010 (4) 


0.0071 (4) 


0.0033 (4) 
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JN lb 


A AO A 1 f Z \ 

O.OzOl (J) 


A A 1 CiA f Z \ 

0.0194 (j) 


A A 1 T3 /C\ 
U.U1 15 (?) 


A AA'J *7 (A \ 

O.OOj / (4) 


A AA 1 £i f A\ 

0.00 lo (4) 


A AAAC (A \ 
0.0003 (4) 


Clb 


o.oiyo (o) 


A Aini /C\ 

0.01 15 (p) 


A Al ff f/l\ 

0.0155 (o) 


A AAAjC SA\ 

— 0.0006 (4) 


A AAO C /A\ 

-O.OOzo (4) 


A AA 1 O { A \ 

— O.OOlz (4) 


Czb 


A AH/I 

0.01 /4 (oj 


A A 1 H(\ ( C\ 

0.01 /0 (?) 


A A 1 A A /C\ 

0.0149 (5) 


A AAOO / A\ 

— O.OOzz (4) 


A AA 1/1 f A \ 

-0.0014 (4) 


A AA 1 1 i A \ 

— 0.001 5 (4) 


fin 

C3b 


A A 1 TO 

0.01 ly (o) 


A A 1 HH f Z\ 

0.01 / / (?) 


A A 1 OO ( C\ 
0.0188 (O) 


A AAA 1 f A\ 
0.0001 (4) 


A AAOQ i A\ 

-0.00Z3 (4) 


A AA 1 1 f Z.\ 

—0.0011 (D) 


C4b 


A AOT) /0"\ 

O.Oz 15 (/) 


A AO 1 1 / £L\ 

O.Oz 11 (o) 


A AOn f£Z\ 

O.UzJ / (o) 


A f\C\A 1 /C\ 

0.0041 (d) 


A (\f\A O i Z \ 

0.004z (j) 


A AACO /C\ 

0.0038 (d) 


C5B 


A AO A 1 

0.0241 (6) 


A AO A 1 / £L\ 

0.0243 (6) 


A AO 1 A f£\ 

0.0214 (6) 


A AAOT SC\ 

0.0027 (5) 


A A AC ") /C\ 

0.0053 (5) 


A A A A O /C\ 

0.0048 (5) 


Cob 


a ao 1 ^ 
0.021 3 (6) 


0.0252 (6) 


0.0232 (6) 


A AAOA 

O.OOoO (5) 


A AAl 1 i Z\ 

0.0031 (5) 


A AA 17/C\ 

0.001 / (5) 


pan 

C /b 


0.022 / ( /) 


A f\A A A /A\ 
0.0444 (9) 


A A A O 1 / 1 A\ 

0.04a 1 (10) 


A A A A A f £L\ 

0.0044 (6) 


A AACT in\ 

—0.005/ (/) 


A AA/1 A ZO\ 

—0.0040 (a) 


Cob 


A A*3 T O 

0.03 3a ( /) 


0.0235 (6) 


0.02/9 (/) 


0.004 / (6) 


A AAO A { £\ 

0.00o4 (6) 


A AA 1 O /C\ 

—0.001 5 (5) 


Cvb 


0.02 / / (/) 


A A 1 O O 

O.OlBB (6) 


0.0232 (6) 


A AA/I O /C\ 

0.0048 (5) 


A AA A 1 /C\ 

0.0043 (5) 


A AA"5 O 

0.0032 (5) 


CI OB 


0.0335 (8) 


0.0424 (8) 


0.0232 (7) 


A A 1 OA /H\ 

0.0129 (7) 


A AAA"7 1 £\ 

0.0007 (6) 


0.0075 (6) 


QIC 


A A 1 /T A / A \ 

0.0160 (4) 


A AO O C / A \ 

0.0235 (4) 


A A 1 AO / A \ 

O.Ulvz (4) 


A AA 1 1 /"5\ 

0.0011 (5) 


A AAOO (">\ 

-O.OOzo (5) 


A AAO C / A\ 

—0.0035 (4) 


UzC 


A A1 OA ( A\ 

0.01 50 (4J 


A AO 1 £. i A \ 

O.OzJo (4) 


A AO 1 A /C\ 

0.UZ14 (3) 


A AA/TA 

O.OOoy {5) 


A AA/1 O (A \ 

-0.0048 (4) 


A AA/TO iA \ 

—0.0068 (4) 


JN 1C 


A A 1 A A ( C\ 

0.0144 {?) 


A A 1 A O (A \ 

0.0148 (4) 


a a 1 nn 
U.U1 /0 (J) 


A AAAO iA \ 

— 0.000Z (4) 


A AA1 A ( A\ 

-0.00 IS* (4J 


A AAA/1 / A\ 

—0.0004 (4J 


CIC 


A A1 CO { z\ 

0.0159 (5) 


A Al in /r \ 

0.0139 (5) 


A Al CO /C\ 

0.0158 (5) 


A AA 11 / A\ 

—0.0011 (4) 


A A A 1 A { A \ 

0.0010 (4) 


A AAAA /A\ 

0.0000 (4) 


L2L 


A A1 CO { Z\ 

0.0158 (5) 


A Al A £. /C\ 

0.0146 (5) 


A A 1 £ A /£\ 

0.U164 (o) 


A AAAO / A \ 

0.0003 (4) 


A AA 1 A { A\ 

0.0019 (4) 


A AAA A / A \ 

—0.0004 (4) 


C3C 


A A1 £/l SZ\ 

0.0154 (5 ) 


A A1 £^7 

0.015 / (5) 


a n 1 z a sz\ 
0.U1 jO (j ) 


A AAOC (A \ 

—0.00/5 (4) 


A AA 1 A (A \ 

0.0014 (4) 


A AA 1 A (A \ 

0.0014 (4) 




A A 1 n £ 1 £\ 

0.0176 (6) 


A A 1 1 /C\ 

0.0161 (5) 


A A 1 O A /£\ 

0.0184 (6) 


A A A n i A \ 

-0.0017 (4) 


A AAA A f A\ 

0.0004 (4) 


A AAO O / A \ 

-0.0033 (4) 




0 0181 (f>\ 


vt.yj i j i \j) 


0. 09 1 7 (£k\ 

U.UZ 1 / ) 


n nnn^ (A\ 

U.WUU3 y*T j 


U.UUUJ \ J ) 




C6C 


0.0152 (6) 


0.0170 (5) 


0.0207 (6) 


0.0007 (4) 


-0.0049 (4) 


-0.0013 (5) 


C7C 


0.0161 (6) 


0.0259 (6) 


0.0249 (7) 


-0.0006 (5) 


-0.0023 (5) 


0.0010(5) 


C8C 


0.0226 (6) 


0.0268 (6) 


0.0231 (7) 


0.0018(5) 


-0.0030 (5) 


0.0051 (5) 


C9C 


0.0192 (6) 


0.0170 (5) 


0.0174 (6) 


0.0009 (4) 


-0.0027 (4) 


-0.0035 (5) 


C10C 


0.0298 (7) 


0.0171 (6) 


0.0251 (7) 


-0.0029 (5) 


-0.0051 (5) 


-0.0021 (5) 


Geometric parameters (A, °) 


01A- 


-C3A 


1.2643 (14) 


C6B— C7B 




1.520 (2) 


02A- 


-C2A 


1.3589 (14) 


C6B— H6B 




1 


02A- 


-H2A 


0.89 (2) 




C7B— H7B1 




0.98 


N1A— 


-C5A 


1.3563 (15) 


C7B— H7B2 




0.98 


MA- 


-CIA 


1.3846 (15) 


C7B — H7B3 




0.98 


NIA- 


-C6A 


1.4965 (15) 


C8B— H8B1 




0.98 


CS 1 A— 


-C2A 


1.3729 (17) 


C8B— H8B2 




0.98 


C1A- 


-C9A 


1.5077(16) 


C8B— H8B3 




0.98 


C2A- 


-C3A 


1.4383 (16) 


C9B— CI 0B 




1.523 (2) 


C3A- 


-C4A 


1.4211 (16) 


C9B— H9B1 




0.99 


C4A- 


-C5A 


1.3583 (17) 


C9B — H9B2 




0.99 


C4A- 


-H4A 


0.95 




CI OB— H10D 




0.98 


C5A- 


-H5A 


0.95 




CI OB— H10E 




0.98 


C6A- 


-C8A 


1.5206 (19) 


CI 0B— HI OF 




0.98 


C6A- 


-C7A 


1.5218 (17) 


OIC— C3C 




1.2690(14) 


C6A- 


-H6A 


1 




02C— C2C 




1.3543 (14) 


C7A- 


-H7A1 


0.98 




02C— H2C 




0.869 (18) 


C7A- 


-H7A2 


0.98 




NIC— C5C 




1.3541 (15) 


C7A- 


-H7A3 


0.98 




NIC— CIC 




1.3819(15) 


C8A- 


-H8A1 


0.98 




NIC— C6C 




1.4977(14) 


C8A- 


-H8A2 


0.98 




CIC— C2C 




1.3766(16) 


C8A- 


-H8A3 


0.98 




CIC— C9C 




1.5028 (16) 


C9A- 


-CI OA 


1.523 (2) 




C2C— C3C 




1.4356(16) 
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C9A — H9A1 
C9A — H9A2 
CI OA— HlOG 
CI OA— HI OH 
CI OA— HI 01 
OIB— C3B 
02B— C2B 
02B— H2B 
NIB— C5B 
NIB— C1B 
NIB— C6B 
C1B— C2B 
C1B — C9B 
C2B— C3B 
C3B— C4B 
C4B— C5B 
C4B— H4B 
C5B— H5B 
C6B— C8B 



0.99 
0.99 
0.98 
0.98 
0.98 

1.2614(15) 
1.3533 (15) 
0.882 (19) 
1.3552 (16) 
1.3834 (16) 
1.4978 (15) 
1.3702 (17) 
1.5003 (17) 
1.4378 (16) 
1.4221 (18) 
1.3600(18) 
0.95 
0.95 

1.5188(19) 



C3C— C4C 
C4C— C5C 
C4C— H4C 
C5C— H5C 
C6C— C8C 
C6C— C7C 
C6C— H6C 
C7C— H7C1 
C7C— H7C2 
C7C— H7C3 
C8C— H8C1 
C8C— H8C2 
C8C— H8C3 
C9C— C10C 
C9C— H9C1 
C9C— H9C2 
C IOC— HI OA 
C IOC— HI OB 
C10C— H10C 



1.4205 (16) 
1.3619(17) 
0.95 
0.95 

1.5203 (18) 
1.5208 (17) 
1 

0.98 
0.98 
0.98 
0.98 
0.98 
0.98 

1.5295 (17) 

0.99 

0.99 

0.98 

0.98 

0.98 



C2A— 02A— H2A 
C5A— N1A— CIA 
C5A— N1A— C6A 
CIA— N1A— C6A 
C2A— CIA— N1A 
C2A— CIA— C9A 
N1A— CIA— C9A 
02A— C2A— CIA 
02A— C2A— C3A 
CIA— C2A— C3A 
01 A — C3A — C4A 
01 A — C3A — C2A 
C4A— C3A— C2A 
C5A— C4A— C3A 
C5A— C4A— H4A 
C3A— C4A— H4A 
N1A— C5A— C4A 
N1A— C5A— H5A 
C4A— C5A— H5A 
N1A— C6A— C8A 
N1A— C6A— C7A 
C8A— C6A— C7A 
N1A— C6A— H6A 
C8A— C6A— H6A 
C7A— C6A— H6A 
C6A— C7A— H7A1 
C6A— C7A— H7A2 
H7A1— C7A— H7A2 
C6A— C7A— H7A3 



110.7(12) 

119.69(10) 

118.90(10) 

121.16(10) 

119.01 (10) 

119.53 (10) 

121.46(10) 

118.02(10) 

118.85(10) 

123.13 (10) 

124.05 (11) 

121.89(11) 

114.06(10) 

121.53 (11) 

119.2 

119.2 

122.47(11) 

118.8 

118.8 

109.20 (10) 

112.09(10) 

111.75 (10) 

107.9 

107.9 

107.9 

109.5 

109.5 

109.5 

109.5 



C6B— C7B— H7B1 
C6B— C7B— H7B2 
H7B1— C7B— H7B2 
C6B— C7B— H7B3 
H7B1— C7B— H7B3 
H7B2— C7B— H7B3 
C6B— C8B— H8B1 
C6B— C8B— H8B2 
H8B1— C8B— H8B2 
C6B— C8B— H8B3 
H8B1— C8B— H8B3 
H8B2— C8B— H8B3 
C1B— C9B— CI OB 
C1B— C9B— H9B1 
CI OB— C9B— H9B1 
C1B— C9B— H9B2 
C 1 OB — C9B — H9B2 
H9B1— C9B— H9B2 
C9B— CI OB— H10D 
C9B— CI OB— H10E 
H10D— CI OB— H10E 
C9B — C 1 OB — H 1 OF 
H10D— CI OB— HI OF 
H 1 OE — C 1 OB — H 1 OF 
C2C— 02C— H2C 
C5C— NIC— C1C 
C5C— NIC— C6C 
C1C— NIC— C6C 
C2C— C1C— NIC 



109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 

111.30(11) 

109.4 

109.4 

109.4 

109.4 

108 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

111.8(12) 

119.75 (10) 

118.95 (10) 

121.20 (9) 

119.49(10) 
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TTO A 1 PO A T T "7 A "> 

H7A1 — C7A — H7A3 


1 c 

109.5 
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Hydrogen-bond geometry (A, °) 



D—U-A 


D — H 






D—U-A 


02A—H2A-01C 


0.89 (2) 


1.85 (2) 


2.6503 (13) 


149.9(17) 


02B—H2B-01B" 


0.882 (19) 


1.859 (18) 


2.6480(13) 


147.8(17) 


02C— H2C-OU" 1 


0.869(18) 


1.796(18) 


2.5868 (12) 
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C6C— H6C-02C ,V 
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C9B—U9Bl-OlB v 


0.99 


2.44 


3.3548 (16) 


153 


Symmetry codes: (i) x+ 1, y, z; (i 


i) -x+ 1 , -y, -z+ 1 ; (iii) x- 1 , y, z; (iv) x+1/2, >y 


-z+3/2; (v) -x+3/2, z. 
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